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I claim: 



1 . A laser system comprising a laser diode with low dimensional quantum structures 
for emitting light over a wide range of wavelengths, a wavelength-selective element for 
selecting a wavelength of interest emittpo by said laser diode, and an external cavity 
resonant at a wavelength selected by^ara wavelength-selective element so that the system 
generates laser light at said selectep^wavelength. 

The laser system of claim 1 , wherein said low dimensional quantum structures are 
zero-cris^ensional or quasi-zero-dimensional (quantum dot) structures. 

3. The la&er system of claim 1, wherein said low dimensional quantum structures are 
one-dimensional (qitaptum wire) structures. 

4. The laser system oiSsJaim 3, wherein said one-dimensional or quasi-one- 
dimensional structures are obtainb<^with coupled zero-dimensional structures. 

5. The laser system of claim 1, vfe^j&m the low-dimensional structures are produced 
using self-assembly growth methoc 

6Vv The laser system of claim 5, further comprising a wetting layer underneath said 
low dimensional structures such that one or more low-dimensional levels are confined 
below a barrier energy with one two-dimensional subband for the said wetting layer 
confined belbw the barrier energy but above the levels of the low dimensional structures. 

7. The laser sWem of claim 6, wherein a part or for the whole spectral region 
comprised between th^mission of the said wetting layer and the emission of the lowest 
energy low-dimensional leV^l is tunable for lasing by selecting a parameter selected from 
the group consisting of: parameters which control the level of saturation or the optical 
gain. 

8. The laser system of claim 7, wherein said laser diode further comprises an electron 
emitting layer, a hole emitting layer, a series oiNmantum dot layers in an active region 
disposed between said electron and hole emitting layers, barrier layers separating each 
quantum dot layer, and wherein intermediate layers between the said active region and the 
said electron and hole emitting layers are provided to tailoNhe optical and electrical 
properties of the low dimensionality laser diode to specific requirements . 
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^9. The laser system of claim 8, wherein said layers forming the laser diode consist 
mainly of gallium, indium, aluminum, arsenic, nitrogen, and phosphorus. 

10. \The laser system of claim 8, wherein said layers forming the laser diode consist 
essentially of Al X 3 (1 . x2) Ga (1 . x3)(1 . x2) In x2 As 1 _ xl P xl for the electron and hole emitting layers, 

5 Al x6(1 . x5) Ga ( \ 6)(1 . x5) In x5 As Ux4 P x4 for the active region, and Al x9(I . x8) Ga (I . x9)(1 . x8) In x8 As I . x7 P x7 for 
the barrier layers. 

1 1 . The lasek system of claim 10, wherein the layers are grown on a GaAs substrate, 
and where xl and\2 equal about 0, x3 equals between 0.3 to 0.8; x4 and x6 equal about 
0, x5 equals betweensQ.3 and 1; x9 equals between 0 to 0.3, and x7 and x8 equals about 0. 

10 12. The laser systeAof claim 10, wherein the layers are grown on GaAs substrates, 
and where xl and x2 equakabout 0, x3 equals between 0.3 to 0.8; x4 equals about 0, x6 
equals about 1, x5 equals between 0.4 and 1; x9 equals between 0.1 to 0.4, and x7 and x8 
equal about 0. 

13. The laser system of claim wherein the layers are grown on GaAs substrates, 
15 where x3 equals about 0, xl equals ab^ut 1, and x2 is such that this alloy is close to being 

lattice-matched to GaAs, x4 and x6 equal about 0, x5 equals between 0.3 and 1; x7, x8, 
and x9 equal about 0. 

14. The laser system of claim 10, whereiiMie layers are grown on GaAs substrates, 

\ 

where x3 equals about 0, xl equals about 1, and^x2 is such that this alloy is close to being 
20 lattice-matched to GaAs, x4 and x5 equal about l^c6 equals about 0; x9 equal about 0, 
and x7 and x8 are such that this alloy is close to being lattice-matched to GaAs. 

15. The laser system of claim 10, wherein the layersVare grown on InP substrates, 

\ 

where xl equals about 0, x2 equals about 0.52, x3 equals about 1; x4 and x6 equal about 
0, x5 equals between 0.6 and 1 ; x9 equals between 0 to 0.5, x7 equals about 0, and x8 
25 equal about 0.52. 

16. The laser system of claim 10, wherein the layers are grown on InP substrates, 

\ 

where xl equals about 0, x2 equals about 0.52, x3 equals about 1; x4 and x6 equal about 
0, x5 equals between 0.6 and 1; x7, x8 and x9 are adjusted to form a^juaternary alloy 
close to lattice-matched on InP with the desired bandgap. 
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1 7>v The laser system of claim 10, where said wavelength-selective element used to 
tune thela^er output consists of an element selected from the group consisting of: a 
diffraction gratiqg, a prism, a birefringent element, an etalon, and a dispersive element. 

1 8. The laser systfem of claim 17, wherein said external cavity is defined between a 
pair of mirrors with approbate reflectance, and said wavelength-selective element acts as 
an output-coupler of light 4ro rf HG a id lasers 

19. The laser system of claim f&. wherein one or more of said mirrors is selected from 
a group consisting of: a facet of said la^r diode, or the wavelength-selective element 
which can also act as an output coupler. 

20. The laser system of claim 18, further comprising optical and spatial filters in said 
external cavity. 

21 . A method of producing low-dimensionality laser diodes having an adjustable gain 
spectrum based on a quantum material with low-dimensional density-of-states which 
relies on self-assembled quantum dots obtained by spontaneous island formation during 
epitaxy of highly strained semiconductors, comprising: 

a) selecting a barriersinaterial quantum material such that the degree of 
lattice-mismatch dictates a critical ^lickrr^ss required to obtain spontaneous island 

ice determines a possible number of confined states in 
)f the low-dimensional states; 



formation, and the bandgap differ] 
conjunction with the energy specmfi 
b) growing some thickness 



of said barrier tnaterial in an active region between an 
electron emitting layer and a hold d pitting ^ayer on/a substrate, said electron and hole 
emitting layers having a lattice con stant close tQ Jnat of said substrate; 

c) depositing, at a specified growth rat^f skM quantum material at a temperature 
which will produce quanhinTdot^ivmg^tlie approbate size and shape to obtain said 
low-dimensionality density-of-states; 

d) ceasing the growth of said quantum material aw&f the desired number of 
quantum dots per unit area is reached; 

e) waiting a specified amount of time to allow for the sel^assembling growth to 
form the quantum dots in shapes and sizes which will give said low^dimensionality 
density-of-states; and 

f) growing some thickness of said barrier material to cover the quotum dots and 



return to a planar growth front at a substrate temperature which may be varied during the 
growth and which will optimize the quality of the quantum dots. 

22. "A method as claimed in claim 21, wherein steps b tof are repeated necessary to 
obtain several layers of quantum entities. 

5 23. A metn^d as claimed in claim 22, wherein said quantum dots are coupled to 
provide one dimensionality densit^-o f-Wtes. 

^26. , A method of generating tunable laser light over broad spectral ranges from a laser 
diode, comprising: \ / 

using electrical powfer 1 5 generate laser emission from a low-dimensionality laser 
10 diode which has been design scl sjvitl^iTacti veT^gion having semiconductor quantum 

entities with low-dimensiona^i y energy levels as|established by the size and composition 
of the quantum entities and th^ heigh^of the confining potential of the barriers; 

placing the said low-dimensionality laper diode in an external-cavity with a 
wavelength-selective element; a\fd 



15 tuning said wavelength-selective element to obtain the desired output wavelength 

within the tunable range of the laser. 

^7. A method as claimed in claim 26, wherein s^id wavelength-selective element is 
tuned mechanically. 

A method as claimed in claim wherein said wavelength-selective element is 
20 tuned with the aid of automated electro-optical actuating devices. 

* 1 X \ 

29. A method as claimed in claim ^7, wherein the cavity parameters are also tuned. 
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